Review of the literature

Historical background
Amphetamine was first synthesized in 1887, with the first significant clinical investigations being performed in 1927. 1 The drug was used as a bronchodilator in asthma, as an appetite suppressant, for narcolepsy, and, paradoxically, was discovered in the 1930s to alleviate the hyperactive syndrome in children. Since the 1930s, amphetamine and its derivatives methylphenidate and pemoline have been used in affective disorders, obsessive-compulsive disorders, and in schizophrenia (for a review see ref 2) (Figure 1 ). However, in the 1950s, psychostimulants were replaced by the newly developed antidepressants. Their use was reduced still further in the 1960s, as these drugs were being increasingly abused. 3, 4 In recent years, the use of psychostimulants in psychiatry has been limited to the therapy of attention deficit disorder (for a review see ref 5) , refractory obesity, and narcolepsy. Most psychiatrists today are not familiar with the potential usefulness of psychostimulants in the therapy of treatmentresistant depression.
Pharmacology
Amphetamine increases the release of biogenic amines, exerts direct agonistic effects on presynaptic central receptors for 5-hydroxytryptamine (5-HT), and has a mild inhibiting effect on monoamine oxidase. 6, 7 Thus, from a pharmacological viewpoint, psychostimulants complete and amplify the effect of conventional antidepressants [8] [9] [10] [11] [12] [13] [14] and are assumed to increase the blood levels of certain antidepressants through their action on hepatic hydroxylation. 13 Psychostimulants are rapidly absorbed following oral administration. At standard therapeutic doses (10 to 15 mg for amphetamine and 10 to 60 mg for methylphenidate), peak effects are found 2 to 3 hours after ingestion. Psychostimulants are metabolized by rapid oxidative deamination to benzoic acid and hippuric acid.
Clinical effects
The greatest improvement reported following treatment with psychostimulants is in motor activity, mood, and psychomotor activity. [15] [16] [17] An improvement in memory and concentration may be observed, in some cases accompanied by euphoria. 18 The onset of action of psychostimulants is usually observed clinically within 30 minutes to 1 or 2 hours following administration, [19] [20] [21] [22] [23] and their effects last about 4 hours. 24 Patient response is heterogeneous, with variations in sensitivity due to individual differences in biological and genetic parameters. 25 The use of psychostimulants must be carefully monitored. 10 Patient response also depends on which type of psychostimulant is administered, and if no therapeutic effect is observed with one drug, another one may prove effective. Furthermore, patient response to a given psychostimulant may vary from year to year. 16 One feature of particular interest is that the response to amphetamines may be predictive of the therapeutic effect of tricyclic drugs in depressed patients, since both types of drugs have similar mechanisms of action (rapid for the amphetamines,
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Amphetamine Methylphenidate slower for the tricyclics) involving an increase in free norepinephrine levels. 19 In contrast, the response to methylphenidate does not appear to be predictive of antidepressant efficacy.
26
Side effects
At low doses (2-10 mg per day), amphetamine can induce sleep and libido disturbances as well as nausea, tremor, agitation, and restlessness. At higher doses (30-60 mg per day), amphetamine may induce anxiety, psychoses, exhaustion symptoms with fatigue and drowsiness after the stimulation phase, prolonged depression, and prolonged hallucinosis 27 whereby the individual continues to hallucinate after the drug has been metabolized. 28 Extein 29 described choreoathetosis after administration of psychostimulants in one patient, probably by potentiation of central dopaminergic activity. Because of the release of norepinephrine and dopamine induced by the psychostimulants, the appearance of stereotypic movements and tics is theoretically possible however, these have only been reported in animal experiments in the literature. Other possible yet rare side effects are hyperthermia and pulmonary hypertension 7, 30 and, even more rarely, cardiovascular shock and stroke. 31 Natenshon 24 and Ferguson and Funderburk 32 did not observe any effect on the cardiovascular system in their patients. They found neither advanced age nor cardiac disease to contraindicate the use of psychostimulants. Wilbur 33 noted declining efficacy of stimulants over time; most other authors, however, reported no evidence of waning of effect in depressed patients treated with 5 to 60 mg methylphenidate for up to 1 year. 24 Tolerance was seen only in relation to effects like hyperthermia, hypertonia, and anorexia, but not psychomotor stimulation. 31, 34, 35 It should be stressed that the aforementioned side effects are observed not only in depressed patients, but also in patients treated with psychostimulants for other indications.
Development of dependency or tendency to abuse?
The possible development of dependency and a withdrawal syndrome after withdrawing amphetamines has been a controversial issue. Addiction was reported by Kramer et al 3 and Edison, 36 and a withdrawal syndrome characterized by apathy, decreased activity, and sleep disturbances with an increase in rapid eye movement (REM) sleep by Oswald and Thacore 37 and Watson et al. 38 Most studies, however, report little or no dependence in depressed patients treated with amphetamines (see overview in refs 2 and 23). Psychostimulants may be withdrawn after several weeks of treatment without any danger of recurrence of depression. 21 No tolerance or addiction has been reported to develop in geriatric patients. However, recurrence of mild depression, tiredness, and anxiety have been reported on stopping treatment with psychostimulants. 39 Development of tolerance or abuse after patients are discharged from hospital is practically never reported. 22, 24, 40 
Dosage
The dosage of the psychostimulants must imperatively be individually adjusted. The daily doses usually recommended in treatment-resistant depressed patients range between 2.5 mg 41 and 15 mg 20 for amphetamine and between 10 and 60 mg for methylphenidate.
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Indications in depressive disorders
Some depressive disorders remain refractory to treatment despite intensive antidepressant therapy with adequate dosages and even combinations of antidepressants. 43, 44 These cases may benefit from adjuvant treatment with psychostimulants. The mood-elevating effects of the tricyclics, selective serotonin reuptake inhibitors (SSRIs), and monoamine oxidase inhibitors (MAOIs) usually only manifest after 10 to 12 days. Side effects and drug interactions are quite common with these drugs. Although psychostimulants themselves are not as effective as conventional antidepressants, 45, 46 they have the dual advantage of a more rapid onset of action and of inducing a lower rate of adverse events. Because their acute effects develop within less than a few hours, 20 they may be used in combination with traditional antidepressants in order to cover the latter's therapeutic latency period and potentiate their effect. 13, 35 In a review of the literature, Chiarello and Cole 2 showed that the majority of studies-even though some were methodologically unsatisfactory-reported beneficial effects following administration of psychostimulants in treatment-resistant depression. 15, 22, 31, 34, 35, [47] [48] [49] [50] [51] [52] Nevertheless, no significant advantage of psychostimulants over placebo could be demonstrated in any of the placebocontrolled studies. Some authors have reported lack of effect or even deterioration following the addition of psychostimulants. [53] [54] [55] [56] Beneficial effects have been described in particular in depression with marked apathy in elderly patients. 32, 52, [57] [58] [59] [60] Administration of psychostimulants appears to enhance the efficacy of concomitant (analytically orientated) psychotherapy in elderly patients by facilitating communication and cooperation through their mood-elevating effects.
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Psychostimulants are suggested to be of significant value in the management of depression in the elderly as well as in depressed patients with concomitant somatic disorders, 14, 21, 22, 60 and good results have been reported in the treatment of secondary depressions triggered by preexisting somatic diseases. 4, 21, 40, 61 Psychostimulants have been shown to be effective in patients with mild depressive symptoms in an outpatient setting. 15, 55, 62 According to Rudolf, 49 ,63 the addition of psychostimulants in patients with treatment-resistant depression receiving conventional antidepressants is superior to electroconvulsive therapy (ECT). Kerenyi et al 15 reported methylphenidate to be useful in combination with ECT. Inhibited patients and depressed patients with bipolar disorder seemed to benefit most from adjuvant treatment with psychostimulants. 15 The response to psychostimulants in patients suffering from neurotic and agitated depression seems to be less satisfactory. Nevertheless, there is no contraindication to psychostimulants in agitated depression. 64 The combination of psychostimulants with tricyclics and MAOIs has been a very controversial issue. Some authors have criticized the combination of psychostimulants and MAOIs on the basis of the possible development of an adrenergic crisis or the serotonin syndrome. The Physicians' Desk Reference even warned against such drug combinations in 1983 because of the possibility of hypertensive crises, which, however, were found to be very rare. 35 In contrast with the above reports, several series of open clinical trials showed the combination of psychostimulants and MAOIs to be safe (see review in refs 35, 65-67 Findings from a retrospective study in 65 depressed patients
Subjects and methods
In a retrospective study, we evaluated all the medical records since the 1950s of patients at the Zurich Psychiatric Hospital who had received psychostimulants because of treatment-resistant depression (defined by Woggon 44 as lack of improvement despite treatment with at least two different antidepressants in adequate dosage for more than 4 weeks). A total of 65 patient records were analyzed (20 males and 45 females). The average age of male patients was 50 years, and that of female patients was 55 years. At the time of treatment, the patients were either hospitalized (inpatients) or undergoing ambulatory treatment as outpatients. The patients who had received psychostimulants were identified from the hospital pharmacy records, which list the names of all patients having received drugs classified as narcotics. In earlier years, classifications of mental diseases such as the International Classification of Diseases (ICD) or Diagnostic and Statistical Manual of Mental Disorders (DSM) were not yet available, and diagnoses were descriptive only. Therefore, the classification in this retrospective study had to be done on a syndrome basis. The types of depression for which the patients had been treated with psychostimulants because of their refractory character were (in order of descending frequency): inhibited depression (50), anxious depression (39), agitated depression (21), depression with somatization (21), neurotic depression (20) , bipolar disorder (16) , and depressive states in schizoaffective disorders (4) with overlapping in symptomatology. Because of the small number of subjects (65 patients, 17 treated with amphetamines, 35 with methylphenidate, and 13 treated with both amphetamines and methylphenidate), and because a separate statistical analysis of patients treated with amphetamines and those treated with methylphenidate failed to show any significant difference between both groups, it was decided to subsume treatment with amphetamines and with methylphenidate as "treatment with psychostimulants" for the purpose of the study.
The average total duration of psychopharmacological treatment (conventional antidepressants and psychostimulants) was 128 months (10 years, with a median of 84 months (7 years). Seventeen patients were treated with amphetamine, 35 with methylphenidate, and 13 with both amphetamine and methylphenidate, either concomitantly or one after the other. Regarding conventional antidepressant therapy, prior to receiving psychostimulant treatment, 3 patients had been administered one, 6 patients two, 10 patients three, 6 patients four, and 39 patients five or more antidepressants at various dosages. In 35 of the 65 patients, additional treatment modalities (such as sleep deprivation therapy, light therapy, and ECT) had been used. Psychostimulants were given in combination with tricyclic antidepressants in 48 cases, with SSRIs in 35 cases, with MAOIs in 8 cases, with lithium in 35 cases, and with carbamazepine in 22 cases. (Some patients received two or more antidepressants and mood stabilizers, in combination with the psychostimulants.) Dosage was titrated individually and modified during therapy. Patients treated with amphetamines received an average dosage of between 5 and 10 mg per day, the minimum being between 5 and 10 mg, and the maximum 20 mg per day. The average dosage of methylphenidate was 10 to 20 mg per day, with a minimum of 10 mg, and maximum of 40 mg per day. In 25 (out of 64) cases the dosage was increased, in 14 cases it remained unchanged, in 14 cases it was reduced, and in 11 cases it was discontinued. The average duration of psychostimulant therapy was 46 months (approximately 4 years) in the amphetamine group and 57 months (approximately 5 years) in the methylphenidate group. In most cases the treatment was continuous. Patient characteristics are summarized in Table I .
Results
Thirty-eight patients improved on treatment with psychostimulants, whereas 26 remained unchanged or deteriorated. It must be pointed out that no rating scales or self-rating scores had been used in the patients, since it was not common in the fifties or earlier to evaluate a patient's condition with scales. Patient records therefore only allowed the course of the disease to be qualified as "better," "unchanged," or "worse." In this way it could be shown that there was no significant differences between the different age-groups in terms of outcome (chi-square test and analysis of variance for nonparametric samples).
Amphetamine Methylphenidate Both
Number of patients 17 35 13 Male (n) 3 15 2
Female (n) 14 20 11 Age in years (median) 51 49 51 Age of onset in years (median) 37 37 37 Benzodiazepines (n) 21 36 Psychostimulant therapy in months (median) 46 5 7 Inhibited/anxious depression (n) 11 25 7 Agitated depression (n) 6 10 6 Table I . Retrospective study; patient characteristics (n=65).
Because there was an overlap in the types of depression, we looked at the distribution of patients in terms of response to psychostimulant treatment with respect to syndrome (agitated depression and inhibited/anxious depression), and with respect to diagnosis (unipolar disorder and bipolar disorder) ( Table II patients, sleep disturbances in 18 patients, and circulatory disorders in 6 patients. In all cases blood pressure remained unchanged before, during, and after treatment with psychostimulants. It has to be taken into consideration, however, that it was not always possible to differentiate between the side effects attributable to the psychostimulants and those attributable to the antidepressants. None of the depressed patients developed drug dependency or addictive behavior. To test for this possibility, psychostimulant treatment was withdrawn, in most patients, at least once during the course of treatment for a period of 2 days, during which the patients experienced apathy and tiredness, but without developing any craving for psychostimulant or signs of withdrawal.
In the 38 patients who experienced a beneficial effect from treatment with psychostimulants, 35 patients reported an improvement in energy, 26 in mood, 26 in motor activity, 15 in symptoms of psychomotor retardation, 11 in vigilance, and 7 in social interactions. Negative symptoms did not improve in the 4 patients with schizoaffective disorders.
Discussion
Our study highlights the benefit of the administration of psychostimulants in addition to conventional antidepressants in patients with treatment-resistant depression. These findings are concordant with those of the majority of open studies (see the review of the literature in the first part of this paper). There were no severe side effects and only a low incidence of mild and moderate side effects in the patient population we studied, in agreement with the findings described in the litera-
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P h a r m a c o l o g i c a l a s p e c t s 36 we found no evidence of drug dependency in our patients. Some of our patients were suffering from concomitant somatic illnesses. These patients probably benefited from the treatment with psychostimulants, as reported by Woods et al 22 in their sample of patients with depressive disorders secondary to somatic illnesses. There were no severe cardiovascular disturbances in our patients. In several studies in the literature, psychostimulants were used preferentially in elderly persons. In our study, both elderly and younger patients were treated with psychostimulants, with the same positive effect. No psychoses (as opposed to Lucas and Weiss 27 ) were observed in any of our patients treated with psychostimulants. Some of the patients of our study (6 out of 8) responded positively to combined treatment with (reversible) MAO-A inhibitors (like moclobemide) and psychostimulants, even though this particular combination is regarded as controversial. The positive effect of a combination of psychostimulants with tricyclic antidepressants (as recommended by Spencer 69 and Woggon
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) was confirmed in our study (30 of 48 patients treated with tricyclics and psychostimulants showed improvement). In agreement with Wharton et al 13 and Feighner et al, 35 we believe that combining a psychostimulant and a tricyclic antidepressant potentiates the action of the latter through an increase in the serum levels of its active metabolites. According to another hypothesis, the beneficial effect could be secondary to an increase in monoamine concentrations in the synaptic cleft. In our experience, use of psychostimulants in agitated depression may be of benefit, although more rarely so than in inhibited depression, thus confirming the findings of Kerenyi. 15 We also agree with Ward and Lampe 64 that there is no contraindication to the use of psychostimulants in agitated depressed states. Like Wilbur, 33 but in disagreement with Wheatley, 50 we have also used psychostimulants in neurotic depression, again with lower rates of success. Finally, we have found that treatment with psychostimulants in an outpatient clinical setting was possible without any problems in some of our patients, a finding in keeping with previous studies of Kerenyi, 15 Rickels et al, 62 and Mattes.
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Conclusions
Based on a retrospective study carried out in 65 patients suffering from treatment-resistant depression, we confirm that treatment with psychostimulants in addition to conventional antidepressants has a beneficial effect on the outcome of depression. Not all the patients in our study showed a significant improvement, but the majority (38 out of 65 patients) did. None of the patients developed drug dependency or withdrawal symptoms. The overall incidence and severity of side effects was low. In patients in whom agitation or restlessness developed, a dosage-reduction and/or additional short-term treatment with benzodiazepines proved consistently helpful. Apathy improved in a satisfactory way in most of the patients and in most cases within the first hours following administration. 
